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Description 

TECHNICAL FIELD 

s The present invention relates to a circular dichroism optical element comprising a solid layer of a liquid crystal pol- 

ymer, a liquid crystal display apparatus or a backlight apparatus excellent in tMightness utilizing the optical element, and 
a liquid crystal polymer suitable for forming the optical element 

BACKGROUND ART 

10 

Hitherto, a circular dichroism optical element formed by enclosing a fluid cholesteric Ik^uid crystal comprising a tow 
molecular weight material between sut)strates, such as glass plates, in an oriented state has been known. In the optical 
element, a helix axis of the liquid crystal is perpendicularly Grandjean oriented to the optical element. Of a parallel inci- 
dent (incident angle 0 degree) natural light to the helix axis, about a half of a light having a certain wavelengtfi is 

IS reflected as a right (or left) drcularly polarized light, and the remaining about half of the light is transmitted as a (eft (or 
right) circularly polarized light. Its wavelength X is determined by the equation X = n • p (wherein n is an average 
refractive index and p is a helix pitch of a cholesteric phase). Also, the left and right of the reflected circularly polarized 
light is determined by the sense of the cholesteric helix and coincides with the sense of cholesteric helix. 

In the circular dichroism optfoal element desaibed above, because an incident light is separated to a reflected light 

20 and a transmitted light, there is a possibility of utilizing the reflected light. Thus the optical element is expected to be 
used in place of a polarizing film formed by adsorbing a dichroism dye, etc.. to a stretched film such as a stretched pol- 
yvinyl alcohol film. etc. This is because such a polarizing film is frequently used for liquid crystal display apparatus, etc.. 
but the light transmitting as a linearly polarized light is 50% or less of the incident light, and other light is absorbed in 
the polarizing film and cannot be utilized, which becomes on factor of making it difficult to increase a luminance of the 

25 liquid crystal display apparatus and lowering consumed electric power of the apparatus. 

However, a conventional circular dichroism optical element is thick and heavy due to the necessity off further using 
substrates as described above. Thus there is a problem of hindering the attempts of reducing tiie weight, decreasing 
the thickness, etc., of a liquid crystal display apparatus. Also, tiiere Is a problem that the oriented state such as a helical 
pitch of a cholesteric liquid crystal is liable to be changed by the change of tenperature, etc. 

30 Cholesteric liquid crystal polymers are proposed as described in JP-A-55-21479 (the term "JP-A" as used herein 
means an "unexamined published Japanese patent application") and U.S. Patent 5,332,522. However, it is difficult to 
obtain solid materials of f Oms. etc.. having a good oriented state as low molecular weight materials, a long time such as 
several hours is required for tiie orientation f eatment. and further they are poor in tine practical use because the glass 
transition temperature is low and the durability is insufficient. Thus, in any cases, it is difficult to obtain a circular dk:hr- 

35 oism optical element of a solid state such as a f Bm. 

An object of the present invention is to provide a drcular dichroism optical element comprising a solid material of a 
liquid crystal polymer, which is thin and light and In which the oriented state such as a pitch is hard to change at a prac- 
tical temperature. Also, other object of tiie present invention is to provide a liquid crystal polymer being excellent in tiie 
film-forming property, capable of forming a Grandjean orientation In a good mono-domain state, capable of attaining the 

40 orientation treatment in a short time of few minutes, capable of stably fixing in a glass state, and being excellent in the 
durability and the storage stability. 

PISCkQSURE QF THE INVENTION 

45 The present invention provides a drcular dichroism optical element characterized by having a solid layer of a liquid 
crystal polymer comprising a Grandjean oriented cholesteric liquid crystal phase, and a liquid crystal polymer compris- 
ing, as tiie components, a copolymer comprising from 60 to 95% by weight of a monomer unit represented by the fol- 
lowing formula (a) and from 40 to 5% by weight of a monomer unit represented by the following formula (b); 

so 



ss 



2 



EP0 834 754A1 



— (CH,C)— 

CO,— (CHt^O- 




4- X' -4- 
p 




(a) 



CK 



wherein R'' represents a hydrogen atom or a methyl group; m represents an integer of from 1 to 6; represents a COg 
group or an OCO group; arid p and q each represent 1 or 2 and satisfy p + q s 3 ; 



CHjC 



CO,— <CH,>n- 0 —^)— X* — ^' 



wherein represerrts a hydrogen atom or a methyl group; n represents an integer of from 1 to 6; represents a CC^ 
group or an OCO group; and X^ represents a -CO-R^ or -R^ (wherein R^ represents 

-NH-CH-R' -0-CH-R' 

I or I ; 

CH, CH, 



represents 



-CH = N~CH-R* 
I 



and 

represents the following group 




By the above-described constitution, a circular dichroism optical element comprising the solid material of a thin and 
light liquid crystal polymer can be obtained. Also, by using the liquid crystal polymer of the present invention, a circular 
dichroism optical element which can easily form a film of a Grandjean orientation of a good mono-domain state with a 
good film-forming property, can attain the orientation treatment in a short time of few minutes, can stably fix in a glass 
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state, and i6 excellent in the durability and the storage stability can be formed with a good efficiency. Further, an optical 
element which can easily control the helical pitch of the cholesteric phase arxi shows a circular dichroism in a visible 
light region can be also easily obtained. 

5 BRIEF EXPLANATION OF THE DRAWINGS 

Fig. 1 is an enlarged cross sectional view showing an embodiment of a liquid crystal display apparatus. 

Fig. 2 is an enlarged cross sectional view showing another embodiment of a liquid crystal display apparatus, 

Rg. 3 is a graph showing the relationship between the content of the monomer unit of the formula (b) and the cen- 
10 tral wavelength showing a circular dichroism, 

Fig. 4 is a graph showing another relationship between the content of the monomer unit of the formula (b) and the 

central wavelength showing a circular dichroism, 

Rg. 5 is a graph showing the transmission characteristics. 

Rg. 6 is a graph showing another transmission characteristics. 
IS Rg. 7 is a graph showing still another transmission characteristics. 

Rg. 8 is a graph showing still another transmission characteristics, 

Fig. 9 is a graph showing still another transmission characteristics, 

Rg. 1 0 is a graph showing stilt another transmission cfwacteristics. 

Rg. 11 is a graph showing still another transmission characteristics, 
20 Rg. 1 2 is a graph showing still another transmission characteristics. 

Rg. 13 is a graph shewing still another transmission characteristics. 

Rg. 14 is a graph showing still another transmission characteristics, and 

Rg. 15 is a graph showing still another transmission characteristics. 

25 PEST MODES FOR CARRYINQ OUT THE INVENTION 

The optical element of the present invention fias the solid layer of a liquid crystal polymer comprising Qrandjean 
oriented cholesteric liquid crystal phase and shows a circular dichroism. For the fbrmation of such an optical element, 
a suitable liquid crystal polymer can be used, but the copolymer comprising, as the components, the monomer unit rep- 
30 resented by the following formula (a) and the monomer unit represented by the following formula (b) can be preferably 
used. 

35 ^1 

— (CHiC)— 

COi — (CHiVO 

40 

wherein represents a hydrogen atom or a methyl group; m represents an Integer of from 1 to 6; represents a CO2 
group or an OCO group; and p and q each represent 1 or 2 and satisfy p -i- q » 3 ; 

45 

V 

I 

— (CH2C) — 

k-(CH.»rO-{^-X'-Q— 

wherein R^ represents a hydrogen atom or a methyl group: n represents an integer of from 1 to 6; represents a CO2 
55 group or an OCO group; and represents a -CO-R^ or -R"^ (wherein R^ represents 
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NH-CH-R* 
I 

CHj 



or 



-0-CH-R' 

I 

CHi 



represents 



10 



IS 



-CH=f(-CH-R« 

I 

CH. 



and 



represents the following group 



20 



25 




. -o. o-o- 




or 




(Meth)acryiic monomers capable of forming the monomer units represented by the above<iescribed formula (a) 
30 and formula (b) can be synthesized by appropriate methods. For example, the synthesis example of the (meth)acrylic 
monomer represented by the following formula (a1) is shown below. 



35 



40 



45 



50 



55 
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HOCHiCHiCI + HO 



KOH 
KI 



-o- 



COtH 



CiH.OH 
HtO 



HOCHtCHaO 



COtH 



+ CH»»CR'CO,H 



hyclroqulnone 
CHCh 



CHt»CR'COtCHaCHtO 



-o- 



COtH 



DOC 

DMAP 

AcOBt 



CH,=CR'CO,CH,CH,0— COi— — 



-CN 
(a 1 ) 



That is, in tlie above-described synthesis example, first, after obtaining hydroxycarboxylic acid by heating ethylene 
chlorohydrin and 4-hydraxybenzoic acid under reflux In an aqueous alkali solution in the presence of potassium iodide 
as a catalyst, the add is subjected to a dehydration reaction with acrylic acid or methacrylic acid to form a (m6th)acr- 
ylate, and by eslerifying the (meth)acrylate with 4-cyano-4-hydrQxybiphenyl in the presence of DCC (dlcyclohexylcar- 
bodiimide) and DMAP (dimetfrylaminopyridine), the desired product of the formula (a1) can be ot>tained. 

Also, the synthesis example of the (meth)acrylic monomer represented by the fbiiowing formula (b1) is shown 
below. 
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HO-(CH,>irX + HO — 



KOH 
KI 




-COtH 



C2K9OH 
HzO 



10 



IS 



20 



2S 



30 



35 



40 



45 



HO -<CH,>n- 0— 
+ CH,=CR*CO«H 



COtH 



hydroquinbne 
CHCU 



CH,=CR«CO,— <CHa>Ti- 0— 
+ H0— ^^-CO-R' 



COtH 



DCC 

DMAP 

AcOBt 



CH2=CR*C0t— <CH,>ii-0— CO,— ^^-CO-R* 



• • • (b 1 ) 



In the above-described synthesis example, first, after obtaining hydroxycarboxylic add by heating a hydroxyalkyi 
halide and 4-hydraxybenzolc acid under reflux in an aqueous alkali solution in the presence of potassium iodide as a 
catalyst, the acid is subjected to a dehydration reaction with acrylic acid or methacrylic acid to form a (meth)acrylate, 
and by esterifying the (meth)acrylate with a phenol having a CO group containing the group at the 4-posftion in the 
presence of DCC and DMAP, the desired product of the formula (b1) can be obtained. 

In addition, the phenol having the CO group containing the group at the 4-po8ition can be obtained by, first, 
reacting methyl chtorofbrmate and 4-hydroxybenzorc acid in an aqueous alkali solution to form a cartx>xylic acid, after 
converting the cartxsxyllc acid to an add chlorkJe with oxalyl cHoride, reacting the acid chlorKle with H-R^ in a nrnxture 
of pyridine and tetrahydrofuran to introduce the R^ group to the acid chloride, and then removing a protective group i:^ 
treating the product with aqueous ammonia as, for example, shown below. 



so 
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CHiOCOCl + HO— 4 >-C02H 



NaOH 
HtO 



CH.OCOt 



-O- 



COtK 



(COCl)i 



+ H— R' 



DMP 
CHiCli 



THF 

pyridine 



CHaOCOi 



:-Q-CO-l 



NH4OH 

CfHiOH 



HO 



-Q-CO-I 



In the synthesis of (meth)acrylic nionomer represented by the ak>ove fonmita (b1), by changing the follcwing 00m- 
pound 



HO-Q. 



which is added in the final stepi to the following compound, the (meth)acrylic monomer represented by the following for- 
mula (b2) can be obtained. 
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+ H0 




DCC 

DMAP 

AcOBt 



CH« 



CHi=CR»CO,— (CHj>i|- 0— < 




•-O 




CH3 



(b 2 ) 



That is. after subjecting hydroxycarboxyfic acid to dehydration reaction with (meth)acrylic add to form a (meth)acr- 
ylate. by esterifying the (meth)acrytate with a phenol having an asymmetric cart>on group at the 4-position in the pres- 
ence of DCC and DNAP, the desired product represented by the above formula (b2) can be obtained. 

In addition, the phenol having an asymmetric carbon group at the 4-position thereof can be obtained by azeotrop- 
ically dehydrating 4-hydroxybenzaldehyde and (S)-(-)-1-phenylethylamine in toluene, for example, as shown below. 



Accordingly, other (meth}acrylic monomers capable of forming the monomer units represented by the formula (a) 
and the formula (b) described above can be synthesized according to the above-described synthesis examples using 
appropriate raw materials each having a desired group to be introduced. 

The liquid crystal polymer used for the formation of the optical element is the copolymer of one or more kinds of the 
monomer units represented by the formula (a) described above and one or more kinds of the monomer units repre- 
sented by the formula (b) described above. In regard to the copolymerization ratio, it is preferred that the monomer unit 
represented by the formula (a) is from 60 to 95% by weight and the monomer unit represented by the formula (b) is from 
40 to S% by weight because if the content of the monomer unit represented by the formula (b) is too much, the copoly- 
mer becomes poor in the liquid crystal property and if the content thereof is too less, the copolymer becomes poor in 
the cholesteric liquid crystal property. 

If the molecular weight of the copolymer is too low, the copolymer becomes poor in the film-forming property and if 
the molecular weight is too high, the copolymer becomes poor in the orientation property and the formation of monodo- 
main as liquid crystal, whereby a uniform oriented state is hard to form. Therefore, the molecular weight of the copoly- 
mer is from 2.000 to 100.000, and preferably from 2.500 to 50,000 based on the weight average molecular weight. 

The preparation of the copolymer can be carried out according to a conventional polymerizatfon method of 
(metii)acrylic monomers, such as a radical polymerization metiiod. a cation polymerization method, or an anfon polym- 




toluene 



1 r 




CH> 
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erization method. In applying a radical polymerization method, various kinds of polymerization initiators can be used. A 
polymerization initiator which is decomposed at an intermediate temperature, that is, the decomposition temperature of 
which is neither high nor low, such as azobisisobutyronltrile, or benzoyl peroxide, Is preferably used. 

The copolymer changes the halical pitch of the cholesteric liquid crystal based on the content of the monomer unit 
represented by the formula (b). The relationship between the content of the monomer unit represented by the formula 
(b) and the central wavelength showing a circular dichroism is illustrated in Fig. 3 and Rg. 4. In the graph of Fig. 3. the 
monomer represented by the formula (a2) and the monomer represented by the formula (b2) in the Examples described 
below are used as the monomer components for the copolymer, and in the case of Rg. 4. the monomers represented 
by the formulae (a2) and (b6) are used as the monomer components for the copolymer. Because the wavelength show- 
ing the circular dichroism Is determined by the helical pitch, the wavelength showing the circular dichroism can be con- 
trolled by controlling the content of the monomer unit represented by the formula (b) descn'bed above. Accordingly, as 
shown in the examples described below, the optical element showing the circular dichroism to the light in a visible light 
region can be easily obtained. 

One or more kinds of the copolymers can be used for forming the optical element By mixing 2 or more kinds of the 
copolymers each having the different wavelength region showing the circular dichroism. the wavelength region showing 
the circular dichroism can be also controlled. In the present invention, from the points of the durability of the optical ele- 
ment obtained, the stability or the unchanging property of the orientation characteristics, such as the helical pitch, to the 
temperature change at practical use. and the like, the liquid crystal polymer having a glass transition temperature of 
80*C or more can be preferably used for the formation of the optical element. 

In addition, in the present invention, homopolymers each composed of one or more monomer units represented by 
the fbrmula (a) or the formula (b) described above, the homopolymers. each being based on the formula, can be used 
for forming the optical element as the liquid crystal polymer of the mixed system of the formula (a) series polymer and 
the fbrmula (b) series polymer. The mixing ratio, the molecular weight etc.. can be determined according to the copol- 
ymers described above. 

The formation of the optical element showing the circular dichroism can be carried out by the method according to 
a conventional alignment technique. For example, as an example thereof, there is a method that after forming an align- 
ment film comprising polyimide, polyvinyl alcohol, etc. , on a substrate and rubbing the film with a rayon cloth, etc. , a liq- 
uid aystal polymer is spread thereon followed by heating at a temperature higher than the glass transition point and 
lower than the isotropic phase transition temperature, the film thus heated is cooled in the state that the liquid crystal 
polymer molecule is Grandjean oriented to form a glass state, and thus a solid layer that the orientation is fixed is 
formed. 

As the substrate described above, films comprising plastics such as trtacetyl cellulose, polyvinyl alcohol, polyimide, 
polyarytate, polyester, polycarbonate, polysulfbne, polyether sulfbne, or epoxy series resins; glass plates; and the like 
can be used. The solid layer of the liquid crystal polymer formed on the substrate can be used as an optical element as 
it is in a body with the substrate or is released from the substrate and can be used as an optical element comprising the 
film. 

For spreading the liquid crystal polymer, the polymer can be spread by a heat-melting method or as a solution 
thereof in a solvent. As the solvent, an appropriate solvait such as methylene chloride, cyclohexanone, trichloroethyl- 
ene. tetrachloroethane. N-methylpyrrolidone. or tetrahydrofuran can be used. Spreading can be carried out using an 
appropriate coating means such as a bar coater. a spinner, or a roll coater. 

The thickness of the solid layer of the liquid crystal polymer formed is from 0.5 to 20 fim, and preferably from 1 to 
1 0 p,m because if the thickness is too thin, the solid layer becomes hard to show the circular dichroism and if the thick- 
ness is too thick, the solid layer is poor in the uniform orienting property and thus does not show the circular dichroism, 
and further it requires a long time for the orientation treatment. In addition. In the formation of the optical element, var- 
ious additives such as polymers other tiian the copolymer, a stabilizer, a plastldzer. a metal, etc., can be. if necessary, 
compounded with the copolymer. 

The optical element of the present invention shows a circular dichroism. However, in a single solid layer of the liquid 
crystal polymer, tiiere is usually limitation in the wavelength region showing the circular dichroism. The limitation is usu- 
ally broad ranging over the wavelength region of about 100 nm. However, in applying the optical element to a liquid crys- 
tal display apparatus, it is desired that ttie optical element shows tiie circular dichroism in tiie whole region of visible 
light. 

In the present invention, by laminating plural solid layers of liquid crystal polymers each showing the circular dichr- 
oism to a light of a different wavelength, the wavelength region showing the drcular dichroism can be expanded. Such 
a lamination of plural solid layers is advantageous in the point of coping witii the wavelengtii shift of an oblique incident 
light in addition of expanding the wavelength region described above. In the lamination, 2 or more solid layers can be 
laminated in the combination of different central wavelengths of the reflected circularly polarized light. In the lamination 
of the solid layers, it is preferred to use a pressure-sensitive adhesive to reduce tiie suriace reflection loss at each inter- 
face. 
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For example, by using solid layers of the liquid crystal polymers having the central wavelengths of the reflected cir- 
cularly polarized light of from 300 to 900 nm in the combination of reflecting the circularly polarized lights to the same 
direction and in the combination that the central wavelengths of selective reflections differ from each other, in particular, 
each 50 nm or more differ, and laminating from 2 to 6 kinds of the solid layers, an optical element showing the circular 

5 dichroism in a wide wavelength region can be formed. In addition, the point of using the combination of the solid layers 
reflecting the circularly polarized lights to the same helical sensse is the purposes of preventing the circularly polarized 
lights reflected at the solid layer from becoming different polarized states in each wavelength region and of Improving 
the efficiency in the case of reutilizing the reflected circularly polarized lights via reflection layers, etc. 

The optical element of the present invention separates an incident light to left and right circularly polarized lights 

10 based on the circular dichroism and supplies the separated circularly polarized lights as a transmitted light and a 
reflected light and can be preferably applied to various apparatus such as a direct-vision-type liquid crystal display 
apparatus, etc., which is excellent in the wkieness of the view field angle, show the small change of the optical charac- 
teristics to the change of the view angle, and can be also directly observed from oblique directions. In particular, the 
optical element of the present invention can improve the utilization efficiency of light by reutilizing the reflected circularly 

IS polarized light via a reflection layer, etc.. and can be preferably used as a backlight system in a liquid aystal display 
apparatus because of the easiness of increasing the area, etc., of the optical element. 

Fig. 1 and Fig. 2 illustrate the Iteiuld crystal display apparatus using the optical elements of the present invention as 
the backlight systems. In Rgs. 1 and 2, the numeral 1 is an optical element 2 Is a retardation layer, and 3 is a light 
source. Also, the numeral 5 is a polarizing film and 6 is a liquid crystal cell. In addition, the numerals 11.12. and 13 are 

20 liquid crystal polymer solid layers for forming the laminate-type optical element, 31 a light source holder, 41 and 44 are 
light diffusion plates, 42 is a light emitting layer, 43 and 46 are reflection layers. 45 is a space, and 7 Is a retardation film 
for compensation. 

A liquid crystal display apparatus is generally constituted by suitably assembling constituting parts such as a polar- 
izing film, a liquid crystal ceil, a backlight, and, if necessary, a retardation film for compensation, etc.. and incorporating 
25 therein a driving circuit. In the present invention, there are no particular restrictions except that a light is incident to the 
liquid crystal cell 6 via the optical element 1 and the retardation layer 2 for converting tiie circulariy polarized light to a 
linearly polarized light, and the liquid crystal display apparatus can be constituted according to the conventional man- 
ner. 

Accordingly, the liquid crystal display apparatus in the present invention may be tiie liquid crystal display apparatus 
30 requiring that a polarized light is incident to the liquid crystal cell. The optical element of the present invention can be 
preferably used for the liquid crystal display apparatus using a twist nematic liquid crystal, or a super twist nematic liquid 
crystal, but tiie optical element can be also used for the liquid crystal apparatus using a non-twist liquid crystal, a guest- 
host liquid crystal fbrmed by dispersing a dichroic dye in a liquid crystal, or a fen^oelectric Ik^ukJ crystal. There is no par- 
ticular restriction on the driving system of the liquid crystal. 
35 In the examples shown In the drawings, tiie liquid crystal display apparatus each having the polarizing film 5 at botii 
sides of the liquid crystal cell 6 are shown, but tiie polarizing film at the backlight side can be omitted in the case that 
the light excellent in the linear polarizing property can be supplied via the optical element etc. The linear polarization, 
that is, the linear polarization of tiie circularly polarized light outgoing from the optical element, is carried out via the 
retardation layer 2 disposed on the optical element 1 . Accordingly, the liquid crystal cell is disposed on the retardation 
40 layer 2 in the backlight system. 

The object of the retardation layer for converting the circularly polarized light outconrting from the optical element to 
a lineariy polarized light is that the phase of the circulariy polarized light outcoming from the optical element is changed 
to be converted to a state having large lineariy polarized light components to form a light liable to transmit through the 
optical element. Accordingly, as the retardation layer, a retardation layer capable of forming many lineariy polarized light 
45 corresponding to the retardation of a 1/4 wavelength from the drculariy polarized light outcoming from the optical ele- 
ment and capable of converting the light having other wavelengths to a flat elliptically polarized light having the long 
diameter direction to tiie direction as parallel as possible to the foregoing lineariy polarized light and being as near as 
possible tiie lineariy polarized light can be preferably used. 

By disposing the retardation layer as described above, that is. by disposing the retardation layer such that tiie line- 
so ariy polarized light direction of tiie light outcoming from the optical element and the long diameter direction of the ellip- 
tically polarized light become as parallel as possible to tiie transmitting axis of the polarizing plate, the light in the state 
having many lineariy polarized light components capable of transmitting through the polarizing film can be obtained. 

The retardation layer which can be formed from an appropriate material and give a fransparent and uniform retar- 
dation is preferred. In general, a retardation film comprising a stretched film of a plastic such as polycartx)nate, a one- 
55 direction oriented material or a twist oriented material of a nematic liquid crystal polymer, etc., are used as the retarda- 
tion layer. 

The retardation of the retardation layer can be appropriately determined according to the wavelength region of the 
circularly polarized light transmitted through the optical element For example, in a visible light region, from the points 
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of the wavelength characteristics and the practical use, by including that almost all the retardation films show the wave- 
length dispersion of a positive birefringence from the material characteristics, a retardation layer having a smedl retar- 
dation, in particular, giving a retardation of from 100 to 200 nm. is frequently preferably used. 

The retardation layer can be formed as a single layer or as two or more layers. In the case of a retardation layer 

5 cornposed of a single layer, the retardation layer showing a snnall wavelength dispersion of a birefringence is preferred 
because in this case, the polarized state per wavelength can be uniformalized. On the other hand, multilayering of the 
retardation layer is effective for the inprovement of the wavelength characteristics in the wavelength region and the 
combination of the layers may be appropriately determined according to the wavelength region, etc. 

In the case of employing two or wore layered retardation layer for tiie object of a visible light region, it is preferred 

10 to include the layer giving the retardation of from 100 to 200 nm as odd layers as described above from the point of 
obtaining tiie light having many linearly polarized light components. It is pr^enred tiiat layer(8) other than the layers are 
fbrmed by the layer usually giving a retardation of from 200 to 400 nm from the point of improving the wavelength char- 
acteristics, but the present invention is not limited to this. 

In the liquid crystal display apparatus illustrated above, the reflection layer 43 or 46 Is formed at the bottom of the 

IS back light system to reflect the reflected circularly polarizedlight by tiie optical element 1 via the reflection layer and the 
reflected light is incident to the optical element again as a return light whereby the utilization effidency of light is 
Improved. That is. tiie reflected circulariy polarized light by the optical element is confined between the optical element 
and tiie reflection layer and the reflection of tiie circularly polarized light tiius confined Is repeated between the optical 
element and tiie reflection layer to be converted to a circularly polarized light state capable of transmitting through the 

20 optical element whereby the unutilization of tiie light by the reflection loss. etc.. is reduced. 

By the above, the content of the light component absort>ed by the polarizing film is lowered by converting tiie circu- 
larly polarized light to a linearly polarized light via the retardation layers and also the light which has hitherto become a 
reflection loss and an absorption loss can be effectively utilized, whereby tiie utilization efficiency of light is improved 
and a liquid crystal display apparatus which is bright and eccellent in the viewing property can be formed. 

2S As the reflection layer described atx)ve. a layer of causing a reflection and an inversion of light, such as a metal 
surface composed of aluminum, silver, etc.. is preferably used. By using the above-described layer, tiie left and the right 
of the reflected circulariy polarized light are inverted and the reflected circularly polarized light can be converted to tiie 
same state as the circulariy polarized light at tiie transmitted side, whereby the transmission efficiency of light can be 
improved and the utilization efficiency of light can be efficientiy increased. In addition, in a diffusion reflection layer typ- 

30 ified by, fbr example, an uneven surface, the polarized light states based on the diffusion are randomly mixed, whereby 
the polarized light states are dissolved and the utilization efficiency of light can be improved. 

As the light emitting layer, a proper layer outgoing a light to one side thereof can be used. Preferably, a light emitting 
layer efficientiy outgoing light witiiout absorption is used. 

A side light type backlight (Fig. 1) known in a liquid crystal display apparatus wherein a light source 3 such as a 

35 linear light source as a (coM or hot) cathode ray tube, etc., and a light emitting diode, etc., is disposed as the side sur- 
face of a light guiding plate 42 and the light transnfiltted in the light guding plate outgoes to one side of ttie plate by a 
diffusion, a reflection, a diffraction, an interference, etc., and an EL lamp or adlrectiy under-type lamp (Rg. 2) are exam- 
ples of the light source. The optical element is disposed at tiie light outgoing side of such a light emitting layer. 

In the above, the light guiding plate outgoing the transmitted light in the inside thereof to one side can be obtained 

40 by, for example, forming a diffusion material in a dot form or a stripe form to the tight outcoming suriace or the back sur- 
isLoe of a transparent or translucent resin plate or by imparting an uneven structure to the k>ack surface of the resin plate. 

At the formation of the light emitting layer, an appropriate composite can be formed by. if necessary, disposing aux- 
iliary means such as a light diffusion plate 41 or 44 for obtaining a uniformly emitted light a prism sheet fbr controlling 
the light outgoing direction, a reflection means fbr returning a leaked light, or a light source holder 31 for introducing the 

4S outgoing light from a linear light source to the skJe surface of the light conductive plate. 

From the point of obtaining a display having a good contrast ratio by the incident of a high linearly polarized light, 
as tiie polarizing film, in particular, as the polarizing film at tiie back light side, tiiat is, as ttie polarizing film of the side 
near tiie optical element disposed at tiie incident side of the viewing light in the liquid crystal cell, a polarizing film having 
a high degree of polarization, such as an iodine series or dye series absorption-type linear polsu-izer. is preferably used. 

so The liquid crystal display aj3paratus and the forming parts such as tiie backlight system may be laminated in a body 
or in separated states. Also, in the formation of tiie lk|uid crystal display apparatus, proper optical elements such as a 
diffusion plate and an anti-glare layer fbrmed on tiie polarizing film at the viewing skle, a reflection preventing film, a 
protective layer or a protective plate, a retardation film fbr compensation fbrmed between the liquid crystal cell, or the 
polarizing film can be properly disposed. In using a combination of the optical element and the retardation layer, ttiey 

55 may be laminated in a body or may be in separated states. TTie disposing position tiiereof is ttie state ttiat tiie optical 
element Is interposed between ttie light outgoing side of the light emitting layer and the retardation layer. 

The retardation film for compensation described above is used fbr the purpose of improving the viewing property 
by compensating the wavelength dependence of berefrlngence. etc., and is shown by the numeral 7 in Rg. 1 and Rg. 
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2. In the present invention, the retardation film for condensation is. if necessary, disposed between the liquid crystal 
cell at the viewing side and/or the backlight side arid the polarizing film. As the retardation film for oonnpensation. an 
appropriate material can be used according to the wavelength region, etc., arxJ the fbregoing retardation film may be 
formed as a single layer or a laminate layer of two or more layers. 

5 As described above, in the liquid crystal display apparatus according to the present invention, by re-utilizing the 

reflected circulariy polarized light by the optical element as an outgoing light by the conversion of the polarized light via 
the reflection layer, etc.. the reflection loss of light is prevented and also by converting the outcoming light to a light state 
richly containing the polarizing film transmitting linearly polarized light components by controlling the phase of the out- 
coming light via the retardation layer, the absorption loss of light by the polarizing film is prevented, whereby the utiliza- 

10 tion efficiency of light can be improved. 

It is prefen^ed that the light outgoing from the retardation layer contains at least 65%. particularly at least 70%. of 
the lineariy polarized light components capable of transmitting the polarizing film as the lineariy polarized light or the 
long diameter direction components of the elliptlcally polarized light Also, from the point of preventing the occurrence 
of a color change of the display, it is preferred that in the combination of the optical element and the retardation layer. 

15 the incident light of a natural light outgoes as a polarized light of the state that the color change based on the NBS 
system is 10 or lower. The lamination of the liquid crystal polymer solid layers is advantageous from the point of reduc- 
ing such a color change. 

In this case, the disposition angle between ttie polarizing axis of the polarizing film at the backlight side and the fast 
axis or slow axis of the retardation film can be appropriately determined according to the retardation characteristics of 

20 the retardation layer, tiie characteristics of the incident orcularly polarized light, etc. For example, in the case of the 
retardation film giving the retardation of from 100 to 200 nm described above, when a left circularly polarized light is 
incident, by making the disposition angle of the fast axis of the retardation film from 0 to 90 degree, preferably from 35 
to 55 degree, and particularly preferably 45 degree, on the tresis (0 degree) of the polarizing axis of the polarizing film, 
the polarizing film transmitting light can be improved. 

25 On the other hand, when a right circularly polarized liglit is incident, by carrying out the setting of the foregoing 
angle based on the stow axis of the retardation film, the polarizing film transmitting light can be improved. In the case 
of tiie retardation film of two or more layers, in particular, when a layer giving the retardation of from 1 00 to 200 nm occu- 
pies the suriace layer at tiie outside, it is preferred to set the disposition angle based on the layer. 

30 EXAMPLE 1 



36 



40 



45 



CH2-CHC0,CH,CH,O-^^- ^Oi— ^^-CN (a2) 
CH, = CHCO,CH,CH,0-^^- COi— ^^^^ 



33.9 Parts by wight (82 mmols) of a monomer represented by the akx>ve-described chemical formula (a2} and 9.1 6 
parts by weight (18 mmols) of a monomer represented by the above-desaibed chemical formula (b2) were dissolved 

so by heating in 430 ml of teti'ahydrofuran. After stabilizing the system at a temperature of from 55 to 60''C, the inside 
atmosphere off the reaction vessel was replaced with a nitrogen gas. 5 ml of a tetrahydrofuran solution having dissolved 
therein 0.5 part by weight of azolsisisobutyronitrile was added dropwise to tiie solution in tiie absence of oxygen, and 
the polymerization treatment was carried out for 6 hours. The reaction mixture thus obtained was gradually poured into 
3.000 ml of diethyl ether witii stirring to obtain precipitates of a white polymer. After subjecting the precipKates to a cen- 

55 trifugal separation, the precipitates were further subjected twice to the repredpitation purification to obtain a copolymer 
having a weight average molecular weight of 7.000. The copolymer had a glass tiansition temperature of dd^'C and an 
isoti^opic phase transition temperature of 225*^0 and showed a cholesteric structure at a temperature between tiie 
above temperatures. 
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A polyvinyl alcohol layer having a thickness of about 0. 1 was formed on a triacetyl cellulose film having a thick- 
ness of 50 \m, and a rubbing treatnfient was applied to the surface of the layer with a rayon doth. A methylene chloride 
solution of 10% by weight the copolymer was coated on the treated surfetce with a bar coater. and after drying, the 
coated layer was subjected to an orientation treatment by heating at 1 40''C for 15 minutes* The layer was allowed to 
5 cool to room temperature, whereby the orientation of the liquid aystal polymer was fixed in a glass state. The thickness 
of the liquid crystal polymer was 2 ^m and the film-like optical element composed of a united body of the liquid crystal 
polymer and the triacetyl cellulose f Om showed a circularly polarized dichroism mirror surface-like-reflecting a blue light, 
and the reflected light was a left circularly polarized light having a wavelength of from 410 to 485 nm. The transmlsskm 
characteristics of the optical element were shown in Fig. 5. 

10 

EXAMPLE 8 



A copolymer having a weight average molecular weight of 7.500 was obtained and an optical element was 
obtained, in the same manners as In Example 1 except that 36.3 parts by weight (88 mmois) of the monomer repre- 
ss sented by the chemical formula (a2) and 6.1 1 parts by weight (1 2 mmols) of the monomer represented by the chemical 
formula (b3) were used. This copolymer had a glass transition temperature of 92<'C and an isotropic phase transition 
temperature of 240''C, and showed a cholesteric structure at a temperature between the above temperatures. Also, the 
optical element showed a circularly polarized dichroism min-or surtece-like-reflecting a red light and the reflected light 
was a left circularty polarized light having a wavelength of from 580 to 695 nm. The transmission characteristics of the 
20 Optical element were shown in Fig. 6. 



EXAMPLE 8 

An optical element was obtained in the same manner as in Example 1 using a mixture of the copolymer obtained 
25 in Example 1 and the copolymer obtained in Example 2 at a ratio of 0.47/0.53 (Example 1/Example 2). The optical ele- 
ment shows a circularly polymerized dichroism mirror surface-like-reflecting a green light, and the reflected light was a 
left circularly polarized light having a wavelength of from 480 to 585 nm. The transmission characteristics of the optical 
element were shown in Fig. 7. 



30 EXAMPLE 4 



CH, = C(CH3)C0,CH,CH,0-^- CO.-^-^-CN ^^3, 



40 



45 



H 

CH, = CHCOjCH,CH»0- ' - — ' - -- ^ 



'-0- '»-0- """-'pO (b«) 



A copolymer having a weight average molecular weight of 11 ,500 was obtained in the same manner as in Example 
1 except tiiat 16.5 parts by weight (40 mmols) of the monomer represented by the chemical formula (a2), 17.1 parts by 
wight (40 mmols) of a monomer represented by the chemical formula (a3) described above, and 9.1 8 parts by weight 
(20 mmols) of a monomer represented by the chemical formula (b4) described above. The copolymer had a glass tran- 

50 sition temperature of 1 05*C and an isotropic phase transition temperature of 238'>C and showed a cholesteric structure 
at a temperature between the above temperatures. 

On the other hand, using the copolymer described above, a liquid polymer solid layer having a thickness of 3 \im 
was formed under the orientation treatment conditions of 1 50^C and 1 5 minutes according to Example 1 to obtain an 
optical element. The optical element showed a circularly polarized dichroism mirror surlace-iike-reflecting a red-yellow 

55 light, and tiie reflected light was a right circularly polarized light having a wavelength of from 565 to 675 nm. The trans- 
mission characteristics of the optical element were shown in Fig. 8. 
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EXAMPLES 

A copolymer having a weight average molecular weight of 21 ,000 was obtained in the same manner as in Example 
1 except that 36.3 parts by weight (85 mmols) of a monomer represented by chemical formula (a4) described betow and 
9.09 (15 mmols) of a monomer represented by chemical formula (b5) described below. The copolymer obtained had a 
glass transition temperature of 95''C and an isotropic phase transition temperature of 215*C, and shows a cholesteric 
structure at a temperature between the above temperatures. 



CHt = C(CH3)COaCHaCH,0 




-OCO 




CN 



(a4) 



On the other hand, using the copolymer described above, a liquid crystal polymer solid layer having a thickness of 
5 \xm was formed according to Example 1 to obtain an optical element. The optica! element showed a circularly polar- 
ized dichroism mirror surface-like-reflecting a red light. The reflected light was a right drcularly polarized light having a 
wavelength of from 590 to 695 nm. The transmission characteristics of the optical elenrwnt were shown in Fig. 9. 

The optical elements ot>tained according to Examples 1 . 2, and 3 were laminated via an acrylic pressure-sensitive 
adhesive layer to obtain an optical element showing a circularly polarized dichroism in the range of a wavelength of from 
410 to 690 nm. The transmission characteristics of the optical element were shown in Fig. 10. 

A 1/4 wavelength plate made up of tiie laminate of two stretched films composed of polycartx)nate was laminated 
onto the optical element described above via an acrylic pressure-sensitive ^hesive layer. When a natural light was inci- 
dent to the laminated optical element, the color change ^ab based on the NBS system was 3, which was very small. 
AlsOp when the optical element having attached thereon the 1/4 wavelength film was subjected to a heating test of SO^'C 
and 1 .000 hours or subjected to a wet heat test of 60''C, 90% RH. and 1 .000 hours, the changes of the optical proper- 
ties, the appearance, etc.. were not substantially observed in each of the tests, which showed the excellent durability. 

Further, when the liquid crystal display apparatus having the constitution according to Fig. 1 was formed using the 
optical element having attached thereto the 1/4 wavelength plate described above, tiie apparatus showed the lumi- 
nance of 90 od/m^, which showed the improvement of 50% of luminance as compared with the case (60 cc^m^) of not 
using such an optical element 

BCAMP|^7 



CHi^CHCOtCHaCHtO— 




(b6) 



A copolymer having a weight average molecular weight of 7,300. having a glass transKion temperatijre of as^'C and 
an isotropic phase transition temperature of 215*^0, and showing a cholesteric structure at a temperature between the 
above temperatures was obtained in the same manner as in Example 1 except tiiat 31 .8 parts by weight (77 mmols) of 



15 



EP0834 754A1 



the monomer represented by the chemical formula (a2) described before and 10.2 parts by weight (23 mmols) of the 
monomer represented by the chemical formula (b6) described above were dissolved in 415 ml of tetrahydrofuran by 
heating. Using the copolymer, an optical element which showed a circularly polymerized light mirror surfece-lii^eHref lect- 
ing a blue light and was a left circularly polarized light the wavelength of the reflected light of which was from 410 to 485 
5 nm was obtained by the method of subjecting to a heat orientation treatment at 150''C and 5 minutes according to 
Example 1 . The transmission characteristics of the optical element were shown In Rg. 1 1 . 

EXAMPI-gg 

10 A copolymer having a weight average molecular weight of 7,100 was ot>tained and an optical element was 
obtained, In the same manners as in Example 7 except that 35.5 parte by weight (86 mmols) of the monomer repre- 
sented by the chemical formula (a2) and 6.20 parte by weight (14 mmols) of the monomer represented by the chemical 
formula {bG) were used. The copolymer had a glass transition temperature of 89'*C and an isotropic phase transition 
temperature of 230''C, and showed a choiesteric structure at a temperature between the above temperatures. Also, the 

IS optical element showed a circularly polarized dichroism mirror surface-like-reflecting a red light, and the reflected light 
was a left circularly polarized light having a wavelength of from 580 to 695 nm. The transmission characteristics of the 
optical element were shown in Fig. 12. 

EXAMPLE 9 

20 

An optical element was obteined according to Example 7 using a mixture of the copolymer obtained in Example 7 
and the copolymer obtained in Example 8 at a ratio of 0.47/0.53 (Example 7/ExarTple 8). The optical dement showed 
a circularly polarized dichroism mirror surface-like-reflecting a green light, and the reflected light was a left circularly 
polarized light having a wavelength of from 480 to 585 nm. The transmission characteristics of the optical element were 
25 Shown in Fig. 13. 

EXAMPLE 10 

The optical elements obtained according to Examples 7, 8, and 9 were laminated via an acrylic pressure-sensitive 
30 adhesive layer to obtain an optical element showing a circular dichroism in the range of a wavelength of from 41 0 to 690 
nm. The transmission characteristics of the optical element were shown in Fig. 14. 

A 1/4 wavelength film composed of the laminate of two stretched films composed of polycarbonate was laminated 
onto the optical element described above via an acrylic pressure-sensitive adhesive layer. When a natural light was inci- 
dent to the laminated optical element the color change ^ab based on the NBS system was 3, which was very small. 
3S Also, when the optical element having attached thereon the 1/4 wavelength film was subjected to a heating test of 80*C 
and 1 ,000 hours or subjected to a wet heat test of 60*^0, 90% RH. and 1 ,000 hours, the changes of the optical proper- 
ties, the appearance, etc., were not substantially observed in each of the tests, which showed the excellent durability. 

Furthermore, when the liquid crystal display apparatus having the constitution according to Fig. 1 was formed using 
the optical element having attached thereto the 1/4 wavelength film described above, the apparatus showed the lumi- 
40 nance of 90 cd/hi^. which showed the improvemertt of 50% of luminance as compared with the case (60 od/m?) of not 
using such an optical element. 

COMPARATIVE EXAMPLE 

45 A copolymer having a weight average molecular weight of 1 8,000 was obtained according to Example 1 except that 
39.0 parte by weight (80 mmds) of a monomer represented by chemical formula (C) described below and 9.14 parte 
by weight (20 mnfK>ls) of a monomer represented by chemical formula (0) described below. The copolymer obtained 
had a glass transition temperature of 71 **C and an isotropic phase transition temperature of 205**C and showed a choi- 
esteric structure at a temperature between tiie abwe temperatures. 

so 
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10 



CH 



, = C(CH,)CO»-(CH,hrO— COa— OCH, 



CH, = C(CH,)CO,CH»CH,0--^^- COt— CH=N-(^-'"'^^^ 

CHs 



(C) 



(D) 



IS 



20 



25 



On the other hand, the formation of a liquid crystal polymer solid layer using the copolymer described akx>ve was 
attempted according to Example 1 . However, a uniformly oriented material could not be obtained cmd the liquid aystal 
polymer layer having a thickness of 3 |tm did not show a mirror surface-like ref Idction, and showed a diff uston reflection. 
Thus the circular dichroism was insufficient. The transmission characteristics of the optical element were shown in Rg. 
1 5. It is considered that the diffusion reflection is due to that a uniform Grandjean orientatfon is not formed. 

(NDUSTPIAL APPLICABILITY 

By the present invention, a circular dichroism optical element comprising the solid material of a liquid crystal poly- 
mer, which is thin and light and is hard to change the oriented state such as a pitch, etc.. at a practical temperature, can 
be obtained, and also a liquid crystal polymer which is excellent in the film-forming property, can form a Grandjean ori- 
entation In a good monodomain state, can attain the orientation treatment in a short time of few minutes, can be stably 
fixed in a glass state and form a circular dichroism optical element excellent in the durability and the storage stability, 
and can easily control the helical pitch of the cholesteric phase can be obtained. 



30 Claims 

1 . A circular dichroism optical element, characterized by having a solid layer of a liquid crystal polymer comprising a 
Grandjean oriented cholesteric liquid crystal phase. 

35 2. An optical element as claimed in daim 1 , wherein the liquid crystal polymer has a glass transitfon temperature of 
SO'^C or more and comprises, as the component, a copolymer comprising a monomer unit represented by the fol- 
lowing formula (a) and a monomer unit represented by the following formula (b): 



40 



45 



V 

I 

(CHiC)— 





CN 



(a) 



wherein R'' represents a hydrogen atom or a methyl group: m represents an integer of from 1 to 6: represents 
so a COg group or an OCO group: and p and q each represent 1 or 2 and satisfy p + q » 3 , 
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10 



20 



25 



30 



35 



40 



55 



, I 
— (CHiC)— 

wherein represents a hydrogen atom or a mettiyl group: n represents an integer of from 1 to 6; represents a 
CO2 group or an OCO group: and represents -CO-R^ or -R^, wherein represents 



« -NH-CH-R* 

j or 
CH, 



-0-CH-R» 
I 

CH3 



and 

R^ represents 



-CH=N-CH-R' 
I 

CH3 



wherein R^ 

represents the foliowing group 



3. An optical element as claimed in claim 1 or 2, wherein the optical element shows a circular dichroism to a light of 
45 a visible light region. 

4. An optical element as claimed in claims 1 to 3. wherein the optical element comprises a laminate of solid layers of 
liquid crystal polymers each showing an circular dichroism to a light having a different wavelength. 

50 5. An optical element as claimed in claims 1 to 4, wherein the optical element has a retardation layer converting a cir- 
cularly polarized light to a linearly polarized light. 

6. An optical element as claimed in claim 5. wherein an incident light of a natural light is outgone as a polarized light 
in a state that the color change ^ab based on the NBS system is 10 or lower. 



7. A liquid crystal display apparatus having the optical element as claimed In claims 1 to 6 at the incident side of a 
viewing light in a liquid crystal cell. 
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A backlight apparatus having the optical element as claimed In claims 1 to 6 at the light outgoing side. 

A liquid crystal polymer comprising, as the component, the copolymer comprising from 60 to 95% by weight of the 
monomer unit represented by the formula (a) described in claim 2 and from 40 to 5% by weight of the monomer 
unit represented by the fornujla (b) described in claim 2. 
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FIG.5 
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FIG.7 
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FIG.11 
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FIG. 13 
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